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Abstract: Analysis of secondary molecular polymorphism at the level of amplified 
mitochondrial DNA, digested by restriction enzymes (CAPS markers), revealed genetic 
differentiation among ten Phytophthora infestans accessions. Mitochondrial DNA was  
amplified with four pairs of primers (H1,H2,H3 and H4) and after that the products of 
amplification were digested with Hha I (for H1 products of amplification), Msp I (for H2 
products of amplification) and Eco R I (for H3 and H4 products of amplification) restriction 
enzymes. On this basis we have established that the ten Phytophthora infestans accessions 





In the frame of our preoccupations concerning the analysis of genetic variability at the 
molecular level of the pathogenic agent responsible for potato late blight (Phytophthora 
infestans) we have initiated reserches on  mitochnodrial DNA, amplified by PCR technique, 
from ten Phytophthora infestans accessions, isolated by us in the previously years from 
different Romanian locations. Relying on this we have established the haplotypes of these 
accessions, mitchondrial  DNA being haploid having uniparentally inheritance, (probably 
maternally). This genetically differentiation could characterize different Pytophthora infestans 
pathotypes, with specific virulence and different reaction at fungicides, the aspects very 
important for practical reason. 
 The polymorphism at the mitochondrial DNA has been more analyzed by molecular 
hybridization technique (Carter et all., 1990; Muller et al., 1993). Relying on this Crater et al., 
(1990) has defined two mitochondrial types, I and II, that could be different pat types. Every 
types were, than, differentiated in two haplotypes Ia,Ib and IIa, IIb. Although these results are 
remarkable this technique is much time consuming. 
 The PCR technique is more operatively but ,unfortunately, intraspeific differentiation 
relying on amplification products from mitochondrial DNA is difficult to do (Paquin et 
al.,1997). In order to do the differentiation we can analyze secondary molecular 
polymorphism obtained by digestion of amplification products with a restriction enzyme 
(Botez at al.,2005). The procedure is known as PCR-RFLP or CAPS (Cleaved Amplified 
Polymorphic Sequences). 
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 Actually the differentiation of different Phytophthora infestans accessions relying on 
analysis of CAPS secondary molecular polymorphism at the DNA mitochondrial level with 
establishing of the accessions pahtotype is the main our objective. 
 
MATERIAL AND METHOD 
 
 As biological material there were used ten Phytophthora infestans accessions derived 
from different potato varieties and different Romanian locations (table 1). 
 
 Table 1 
Different Phytophthora infestans accessions 
Accession Source 
(potato cultivar) 
Site of collection 
68 Princesse DâmboviŃa, Branişte 
72  Sălaj, Letca 
73  Sălaj, Odorhei 
77  Sălaj, Crişeni 
79 Kondor BistriŃa-Năsăud ,Cociu 
83 Sante Sălaj, Hida 
88 Desiree Cluj,Satulung 
89 Laura Maramureş ,Buciumi 
91 Desiree Cluj ,Satulung 
98 Red Sec Botoşani,Dorohoi 
 
 DNA extraction was made by CTAB protocol (Rogers & Benedich,1994) from 
sporulating mycelium cropped from agarose rye medium after freezing. 
 For mitochondrial DNA amplification there were used four PCR specific primers 
(Griffith at al.,1998),(table 2). 
 
 Table 2 
Specific primers used for Phytophthora infestans mitochondrial DNA amplification 
Primer Primer specification  pb length 
F 5`-GCAATGGGTAAATCGGCTCAA 21 H1 
R 5`-AAACCATAAGGACCACACCAT 20 
F 5`-TTCCCTTTGTCCTCTACCGAT 21 H2 
R 5`-TTACGGCGGTTTAGCACATACA 22 
F 5`-ATGGTAGAGCGTGGGAATCAT 21 H3 
R 5`-AATACCGCCTTTGGGTCCATT 21 
F 5`-TGGTCATCCAGAGGTTTATGTT 22 H4 
R 5`-CCGATACCGATACCAGCACCAA 22 
 
 
 The reaction mixture for DNA amplification in volume of 50 µl was: buffer 10 µl, 
dNTP mix (200 µM),1 µl, Magnesium chloride (25 mM), 6 µl, PVP(50%), 4 µl, Go taq flexy 
enzyme 0,4 µl, every primer 0,325 µM. The amplification program consisted of hot start at 
940C for tree minutes; 35 cycles with a denaturation step at 920C for 30 sec., an annealing step 
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at 550C for 30 sec. and an extension step at 720C for 70 sec.; final extension at 720C for 5 
min. 
 For digestion of amplification products there were used tree enzymes: Hha I 
(isochizomer with Cfo I) for H1 amplification products, Msp I for H2 amplification products 
and EcoR I for H3 and H4 amplification products. Digested DNA fragments were separated 
by electrophoresis migration in 2% agarose gel stained with ethidium bromide (0,5 µg/ml), at 
80 volts for two hours. 
 
RESULTS AND DISCUTIONS 
 
 The amplification products from H1 primers were monomorphic for all ten 
Phytophthora infestans accessions (figure 1). 
 
 
             
 
Figure 1.Amplificaton prodacts obtained from ten Phytophthora infestans accessions with H1 primers. 
L.- 100bp ladder, Sm-Smart ladder. 
 
The amplification products size obtained by us is similarly with   those obtained by 
Griffith et al.,(1998). By digestion of these products with Hha I restriction enzyme there was 
obtained a secondary polymorphism only for 91 accession (figure 2). The size of restriction 
fragments, similarly with those obtained by Griffith et al.,(1998), (907 bp, and 211 bp) could 
indicate that this accession belongs to Ia or Ib haplotypes. The rest of accession belong to IIa 
haplotype.  
 
                   
 
Figure 2. Restriction fragments from digestion of H1 amplification products with Hha I restriction 
enzyme, in ten Phytophthora infestans accessions. L.- 100bp ladder, Sm-Smart ladder. 
 
The amplification products from H2 primers were also monomorphic for all ten 
Phytophthora infestans accessions (figure 3), the size of the products (1200 bp) being a little 







Figure 3. Amplificaton prodacts obtained from ten Phytophthora infestans accessions with H2 primers. 
L.- 100bp ladder. 
 
By digestion of these products with Msp I restriction enzyme there was obtained, also, 
a secondary polymorphism only for 91 accession (figure 4).  
 
         
 
Figure 4. Restriction fragments from digestion of  H2 amplification products with Msp I restriction 
enzyme, in ten Phytophthora infestans accessions. L.- 100bp ladder. 
 
The size of the two restriction fragments (850 bp and 350 bp) obtained for 91 
accession, could indicate that this accession belongs to Ia  haplotype. The rest of accessions, 
with tree fragments of 850bp, 203 bp and 177 bp, belong to IIa haplotype. 
The amplification products from H3 primers were also monomorphic for all ten 
Phytophthora infestans accessions (figure 5), the size of the products (1308 bp) being 













Figure 5. Amplificaton prodacts obtained from ten Phytophthora infestans accessions with H3 primers. 
L.- 100bp ladder. 
 
By digestion of these products with EcoR I restriction enzyme there was obtained, 




Figure 6. Restriction fragments from digestion of  H3 amplification products with EcoR I restriction 
enzyme, in ten Phytophthora infestans accessions. Sm.- Smart ladder. 
 
The size of the two restriction fragments ( 1078 bp and 230 bp) obtained for 91 
accession, could indicate that this accession belongs to Ia sau Ib  haplotype while the absence 
of restriction fragments in the others accessions could indicate that those accessions belongs 
to IIa or IIb. 
This ambiguous situation were eventually clarified by digestion of amplification 
products obtained with H4 primers with EcoR I restriction enzime. 
While amplification products obtained with H4 primers were monomorphic for all ten 
accessions (figure 7), by digestion of these amplification products with EcoR I restriction 
enzyme there was obtained for 91 accession tree restriction fragments of approximately 361 
bp, 394 bp and 209 bp and for the other accessions there were obtained only two restriction 
fragments of 361 and 603 bp (figure 8). So this situation indicate that 91 accession belongs to 















Figure 7. Amplificaton prodacts obtained from ten Phytophthora infestans accessions with H4 primers. 










Figure 8. Restriction fragments from digestion of  H4 amplification products with EcoR I restriction 
enzyme, in ten Phytophthora infestans accessions. Sm.- Smart ladder. 
 
CONCLUSIONS 
 PCR amplification of mitochondrial DNA with specific primers could not differentiate 
the haplotypes of different accessions of  Phytophthora infestans relying on molecular size of 
amplification products. 
 Analysis of secondarily molecular polymorphism of those amplification products 
permitted a sharp differentiation of the ten Romanian Phytophthora infestans accession. 
 Relying on this we have established that 91 accession belong to Ia haplotype and the 
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